The ability of the host to resist infection to a variety of intracellular pathogens, including mycobacteria, is strongly dependent upon the expression of the Bcg gene. Mouse strains which express the resistance phenotype (Bcg') restrict bacterial growth, whereas susceptible strains (Bcg) allow bacterial growth. Expression of the Bcg allele is known to influence the priming of host macrophages (M+s) for bactericidal function. In the present work, bone marrow-derived M+s from congenic BALB/c (Bcg) and C.D2 (BALB/c.Bcg) mice were infected with the virulent strain Mycobacterium avium TMC 724 to define the mechanism involved in growth restriction of M. avium. By combining CFU measurements and ultrastructural analyses, we show that growth of this bacterium is restricted in marrow M+s from resistant mice. Using acid phosphatase as a lysosomal marker, we provide evidence that the hydrolytic activity of M+s, as measured by the capacity of lysosomes to fuse with and transfer active hydrolytic enzymes to phagosomes in which M. avium resides, is an expression of the Beg gene and that this phenomenon is a key antibacterial activity responsible for growth restriction of M. avium: (i) the percentage of phagosome-lysosome fusions was twice as high in Bcg' M+s as in Beg' M+s, and (ii) the percentage of intact viable bacteria residing in acid phosphatase-negative phagosomes was twice as low in Beg' M+s as in their Bcg' counterparts. These differences are not due to a lower activity of the enzyme in Beg' M+s. The mechanism by which the Beg gene exerts control over phagolysosomal fusion is discussed.
The ability of the host to resist infection with a variety of intracellular pathogens, including mycobacterium species, is strongly dependent upon the expression of a single gene, designated Bcg (11, 12, 19) . Mouse strains which express the resistance phenotype (Bcg') restrict bacterial growth, whereas susceptible strains (Bcgp) allow bacterial growth in their reticuloendothelial organs (1, 8, 11, 12, 19 ). The precise mechanism by which expression of the resistance allele inhibits intracellular multiplication of pathogens is unknown. However, expression of the Bcg alleles is known to influence the priming of host macrophages (Mos) for bactericidal function (30) . Several studies have been aimed at comparing functional and phenotypic parameters of activation in Bcgj and Bcg' M4s populations. Following in vivo or in vitro challenge with Mycobacterium bovis BCG or Mycobacterium smegmatis, Bcg' M4s have been shown to be superior producers of H202 and 2-compared with Bcg' M+s (8, 10) . However, it is unlikely that the superior degree of oxidative burst in the Bcg' M+s is the mechanism of the enhanced antimicrobial activity of these M+s, because the addition of inhibitors of the respiratory burst or scavengers of reactive oxygen intermediates does not alter the antimycobacterial activity of Bcg' M+s (18) . Using (NO2), a major mediator of bactericidal activity (26) . Fur- thermore, an examination of the surface expression of class II major histocompatibility complex (Ia) molecules by the cell lines has revealed a significantly higher expression by BlOR cells (28) . It had also been shown that peritoneal M4s from Bcg' mice were significantly more efficient than their Bcg' counterparts in their antigen-presenting function for a variety of bacterial antigens (9) . The lines of evidence support the concept of phenotypic expression of the Bcg gene in the regulation of M4 activation. In recent years, the clinical importance of Mycobacterium avium has been increasing because of the high incidence of infections, often lethal, by this pathogen in patients with AIDS (7, 34) . It was shown in the mouse model of this infection that the resident peritoneal M4s from M. aviumresistant Bcg' mice were more bacteriostatic compared with their Bcg' counterparts (1) . It (13) , bacilli were considered to be intact (I) only if they had maintained their rod shape, if they were surrounded by their electron-transparent zone, if their cytoplasm had preserved its ultrastructural organization and electron density, and if no breaks in the cell wall or cytoplasmic membrane were observed. Otherwise, bacteria were considered to be damaged (D).
Assessment of fusion. The presence of electron-dense material within phagosomes after AcPase cytochemistry identified fusions with lysosomes (13) . To statistically assess phagosome-lysosome fusions, we examined 200 to 1,000 different phagosomes per time point. Three independent experiments were performed. Data are from one typical experiment. We observed high reproducibility from one experiment to another (less than 10% difference) for a given time point. As for the assessment of bacillary growth, care was taken to avoid serial sections.
AcPase assays. To assay for AcPase activity, the medium was removed from the culture dishes and the cells were washed once with ice-cold PBS. Cells were lysed in 1 ml of 0.5% Triton X-100. After filtration through a 0.22-jim-poresize membrane filter, AcPase activity was assayed by the method of Barrett and Heath (2) creased by more than 600-fold in the susceptible M4s and only 25-fold in resistant cells.
(ii) Quantitative ultrastructural analysis. In parallel experiments, M. avium-infected M4s from Bcgj and Bcg' mice were processed for a quantitative ultrastructural evaluation of bacterial growth (Fig. 2, 3, and 4 ). For these experiments, cells were infected with 10 bacteria per M+. The important advantages of this type of analysis are that all bacteria can be individually counted, a more accurate evaluation of the amount of bacteria phagocytized by M+s can be obtained, and finally, discrimination can be achieved between structurally intact (I), potentially live bacteria and damaged (D), presumably killed bacteria, as defined in our previous work (13) . This allowed us to assess whether growth restriction Observation of electron micrographs first showed that M. avium growth was restricted in Bcg' M4s, since the number of bacteria observed on thin sections increased only slightly between day 1 (Fig. 2a) and day 14 (Fig. 2b) after infection. In contrast, the number of bacteria observed on thin sections of BcgC M+s was much higher after 14 days of infection (Fig.   3b ) compared with those on day 1 (Fig. 3a) .
Quantitative evaluations (data are from a typical experiment) then showed that the mean number of total bacteria per M4) thin section, determined just after the 4-h infection period, was identical (0.65 bacteria per MO) in Bcgj and Bcg' M+s. This indicates that M+s isolated from either susceptible or resistant mice phagocytize M. avium to the same extent (Fig. 4) . During the first 3 days following infection, the mean number of total bacteria increased twofold on both Bcgj and Bcgf M4s. No significant differences were observed (1.3 versus 1.2 bacteria per M+, respectively). Afterwards, very significant differences were observed, since the mean number of total bacteria remained low in marrow M4s [-] ). The four resulting categories, I+, I-, D+, and D-, are depicted in Fig. 5 . The reaction product appeared as discrete patches located between the phagosome membrane and the electron-transparent zone (capsule) that surrounds bacteria. In severely damaged bacteria (Fig. 5c) , the electron-transparent zone was no longer visible but the AcPase reaction product remained outside the bacterial wall.
For each selected time point, the number of phagosomes of each category was determined. Data are from a typical experiment, but high reproducibility was observed (less than 10% difference for a given time point) from one experiment to another. At all time points, except for day 1, the percentage of phagosomes displaying AcPase activity was much higher in Bcgf Mos than in their Bcgj counterparts (Fig. 6) . Bcg' M4s, but it always remained 75% (1.5-fold) to 100% (2-fold) higher than in Bcg' M4os.
The percentage of phagosomes that contained intact bacteria but no AcPase reaction product (I-) was determined next (Fig. 7) . This is most probably the only category of bacteria capable of multiplying within the host cell. Up to day 14 (Fig.  8) . Thus, the lower number of AcPase-positive phagosomes in Bcg' Mos cannot be attributed to the lower level of enzyme in these cells.
Since AcPase can be transferred to phagosomes only via phagosome-lysosome fusions, the difference in the amount of AcPase-positive phagosomes between Bcg' and Bcg' M,s can only be explained by a decrease or an inhibition of phagosome-lysosome fusion events in the case of Bcg' M+s. with BCG (11, 12, 19, 30) , M. smegmatis (8) , or M. avium (1, 18, 32) or with immortalized M4 cell lines, from congenic resistant or susceptible mice, and infected with Bcg or M. smegmatis (28) .
In the present work, we have combined CFU measurements and ultrastructural analyses to compare the growth of M. avium in primary cultures of bone marrow-derived M4)s from resistant (C.D2) and susceptible (BALB/c) congenic mice. The combination of these two methods clearly shows that, in this cell model, growth of the virulent strain of M.
avium TMC 724 is restricted in Bcg' M4s, whereas these bacteria multiply within the marrow M4+s from the susceptible congenic mice. CFU measurements showed that the number of bacteria increased by more than 600-fold in the susceptible M4s and by only 25-fold in the resistant cells during a 21-day experimentation period following infection. However, in all experiments, the number of viable bacilli determined by CFU measurements consistently decreased between days 10 and 14 after infection, and bacteria replicated more slowly afterwards, although light microscope observations seemed to indicate a steady increase in the number of bacteria. One likely explanation for the abnormally low counts is that at the late time points, bacteria form clumps upon cell lysis. As a result, each CFU would correspond to several bacteria instead of a single bacterium. Although M. avium does not usually form clumps when grown in culture medium, contrary to how other mycobacteria act, the bacilli do indeed seem to be more difficult to disperse after cell lysis at the late time points. It is possible that during bacterial replication within M4s the bacterial cell wall components reorganize in such a way that bacteria stick together after cell lysis. Such cell wall modifications had been suggested by previous work (13 (22, 24, 29 ). An alternate hypothesis, namely, that the Bcg gene product itself controls a biochemical process which leads to upregulation of phagolysosomal fusion, is plausible but less likely in view of the known pleiotropy of the phenotypic manifestations of this gene. The recent cloning of a Bcg gene candidate (33) will stimulate structure-function studies that will address this issue directly.
